Different studies show the need of immature adipose cell to induce the proliferation of bulge stem cells in order to kick off the anagen phase of hair cycle. Furthermore, the adipose derived stem cell, adipose progenitors, and growth factors secreted by mature adipocytes can help the wound healing and the vascular neogenesis. Nowadays, it is not known any protocol of tissue regeneration applied to hair transplantation, especially if aimed to the reconstruction of the main vascular network for the engraftment of transplanted hair and the healing process. The aim of the work is to investigate how the application of autologous cellular suspension obtained by Rigenera system, mechanical fragmentation procedure which allows to obtain a physiological saline solution consisting of a heterogeneous pool of cells rich in adipose derived mesenchymalstem cells and growth factors, helps the wound healing and engraftment of the transplanted hair. During hair restoration surgery, the adipose tissue recovered from the discard of follicular slicing, was processed using the Rigenera system. The obtained cell suspension was applied in the area of hair transplantation, increasing the natural background of adipocyte lineage and raising the amount of growth factors. In addition, the cellular suspension was applied to the suture on the occipital region. The cell population was characterized by FACS. The monthly evaluation of hair transplantation follow-up with photos and the patient's impressions demonstrates that there is a faster healing of the micro-wound and a continuous growth of the transplanted hair even two months after the procedure, with a shortening of the dormant phase. In conclusion, this new approach aims to integrate regenerative medicine and hair restoration surgery in order to improve the outcome for the patient. It would be wonderful to continue this research to elaborate on the molecular cause behind this satisfying clinical.
Background
The field of hair transplantations has made countless step forward and now it is possible to obtain results not even imagine thirsty years ago.
In the last ten years, we have witnessed the rise of regenerative medicine applied at many surgical disciplines aiming to increase the results and reduce the pain of patients. Nowadays, except for Platelet Rich Plasma (PRP), it is not known any protocol of tissue regeneration applied to hair transplantation, especially if aimed to the reconstruction of the main vascular network for the engraftment of transplanted hair and the healing process.
A number of researches underline the existence of cells in the adult body capable of repairing and regenerating damaged tissues.
Adipose tissue is a multifunctional organ that contains various cellular types, such as mature adipocytes and the stromal vascular fractions (SVF), which consists of endothelial cells, pericytes, fibroblasts, pre-adipocytes and mesenchymal stem cells, called Adipose Derived Stem Cells (ADSC) (Figure 1) . These pluripotent cells with their secretome mediate different skin regenerative effects, such as wound healing, antioxidant protection and antiwrinkling [1] . Autologous ADSC have been applied for several regenerative treatments such as widespread traumatic calvarial bone defects [2] , breast augmentations [3] , fistulas in patients with Crohn's disease [4] and for wound healing in treatment of chronic ulcers [2] .
Festa [5] shows the need for immature adipocytes to promote the proliferation of bulge stem cells. Sumikawa [6] shows the potential of leptine and adipokine as an inducer of anagen phase. Furthermore, growth factors stimulate hair growth in both ex vivo and in vivo animal model [7] [8] .
It is clear that the adipocyte lineage is critical to tissue regeneration and hair growth.
Aim
The aim of this work is to evaluate how a pool of cells consisting of ADSC, pericytes, endoteliocytes, preadipocytes and their secretome can improve the hair transplantation outcome, helping wound healing and follicular units' engraftment.
Methods

Subjects
Three patients, subjected to hair restoration surgery with the application of adipose derived stem cells and growth factors, were monitored after 5 days, 2 weeks and 1 month. The selection of the patients was casual and based on their availability.
Cellular Suspension Obtainment
During hair restoration surgery, a strip of scalp form the occipital region is cut and sliced to isolate the follicular units. Below the dermis there are hypodermis and adipose tissue that had been discarded in the past. These tissues were processed using Rigenera system. Rigenera device is a safe standardized sample preparation system, for the automated mechanical disaggregation of cells population. This mechanical fragmentation, allows extracting from tissue only smallest cells that represents the progenitor cells responsible of the tissue formation. In addition, this system is able to cut, without crash, the single extracellular matrix constituents, which play an important role in reducing inflammatory process and so help the healing of tissue. Figure 2 states all steps to obtain a cell suspension.
FACS
FACS analysis was performed to evaluate the quantity and quality of cell suspension from two different patients. Rigenera System: 1) Hypo-derma and adipose tissue from the occipital region; 2) Rigenera system: a piece of tissue +1 ml of saline solution was inserted in Rigeneracons (CE/EC disposable medical devices containing a stainless steel grid with 100 hexagonal holes of 50 µ each surrounded by six micro blades) and mechanically fragmented with Rigenera for 3 min. The cells passed through the grid into the liquid suspension; 3) Cell suspension was collected with a syringe. The disaggregation and filtration results in a physiological saline solution consisting of heterogeneous pool of cells and growth factors; 4) Cell suspension was injected subcutaneously; and 5) Dropped on the micro incisions made for the engraftments of hair. The suspension was applied before and after the hair insertion. (For some patients the suspension was applied also on the donor area wound)
The gating was made for CD146 and CD34, typical of adipose derived mesenchymal stem cells. The cells were also observed at optical microscope.
Results
Cell Suspension Analysis
The cellular vitality is 93% for the 1st patients and 74% for the 2nd. This represents a good result especially after mechanical fragmentation.
Both gating for CD146 and CD34 shows that the cellular suspension obtained by Rigenera is a heterogeneous pool of cells composed by erythrocytes, epithelial cells, ADSC and 90% of living cells, which correspond to immature adipocytes and ADSC at the first differentiation stage (Figure 3) .
The cells are in the active phase of the cell cycle; lots of them are doubling and splitting, showing that Rigenera sorting allows the collection of young and active cells, discarding the quiescent and old cells at the end of their functional utility (Figure 4) . 
Patient's Follow-Up
Only two weeks after transplantation the healing of micro wounds was complete. Hair continued growing, greatly improving the patient's mood and self-confidence. Also the wound on the donor area was perfectly healed (Figure 5) .
Five days after hair restoration surgery, the patient reported a perfect recovery, without any swelling and edema. The small scabs were clean and dry, ready to fall (Figure 6) .
One month after surgery, a maintenance of transplanted hair and a perfect healing of micro wounds are visible (Figure 7) .
Patient's Impressions
For all the patients the pain was very mild and for one of them was completely absent.
They also reported a reduction of post operatory edema and swelling. The perception of pain was established by VAS (Visual Analogic Scale) (Figure 8 ).
Discussion
Rigenera system gives the possibility to extract from tissue only the smallest cells that represent the progenitors responsible for the tissue formation. It allows to cut, without crash, the single extracellular matrix constituents, which are important in reducing the inflammatory process and so to help the healing of tissue. Furthermore, it crashes mature adipocytes freeing up many growth factors. In this way it is possible to maintain a sort of "cellularniche" in which every cell and growth factor plays its role in tissue regeneration. Applying these cells in the area of hair transplantation increases the natural background of adipocyte lineage, which is already present in the bulge and dermal papilla region. It raises the amount of growth factors easing the healing process and helping hair growth and engraftment of transplanted hair. It would be wonderful to continue this research to elaborate on the molecular cause behind these satisfying clinical results and to carry out a bigger and more complete clinical trial.
